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(57) Abstract: The present invention includes an epitaxial structure grown on a semi-insulating InP substrate. Firet, a buffer layer 
is grown to isolate defects originated from substrates. Then an n-type layer is grown to serve as n-contact layer to collect electrons. 
Next, a multiplication layer is grown to provide avalanche gain for the APD device. Following that, an ultra-thin charge control 
layer is grown with caibon doping. An absorption layer is grown to serve as the region for creating electronhole pairs due to a 
photo-excitation. Rnally, a p-type layer is grown to serve as p-contact layer to collect holes. 
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CHARGE CONTROLLED AVALANCHE PHOTODIODE AND METHOD OF 

MAKING THE SAME 

FIELD OF THE INVENTION 

[00011 The present invention relates generally to the field of semiconductor- 
based photodetectors, and more specifically to an optimized avalanche photodiode 
and a method of making the same. 

BACKGROUND AND SUMMARY OF THE INVENTION 

[0002] Owing to the known interaction between photons and electrons, great 
advances have been made in the field of photodetectors in recent years, particularly 
in those photodetectors that utilize semiconductor materials. One type of 
semiconductor-based photodetector Is temied an avalanche photodiode, or APD. 
This type of structure is generally composed of a number of solid semiconductive 
materials that serve different purposes such as absorption and multiplication. 
[0003] The APD stmcture provides the primary benefit of large gain through 
the action of excited charge earners that produce large numbers of electron-hole 
pairs in the multiplication layer. However, an APD is so efficient at producing large 
numbers of charge earners that it runs the risk of becoming saturated, thus 
adversely affecting the bandwidth of the device. In order to prevent charge earner 
breakdown, it is imperative that the electric field be regulated within the APD itself, 
and in particular it is desirable to have the electric field in the multiplication layer be 
significantly higher than that in the absorption layer. 

[0004] Traditionally, a separate absorption, grading, charge, multiplication 
(SAGCM) APD utilizes a grading layer to minimize hole trapping at the 
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heterojunclion interface and a charge control layer to separate the electric field 
between the absorption and the multiplication layers. Design of this charge control 
layer is extremely critical in that it should allow for a high enough electric field 
strength to initiate impact ionization in the multiplication layer while keeping the 
electric field in the absorption layer low in order to prevent tunneling breakdown. 
[0005] For example, an SAGCM APD stnjcture with an n-type multiplication 
layer, electrons are multiplied and a p-type doping is required to act as the charge 
control layer. However, a conventional beryllium or zinc p-type doping method 
requires a relatively thick charge control layer because of the high diffusion 
coefficient associated with beryllium and zinc. Due to tills thick charge conti-ol 
region with lower doping, the canier transit time across tiie charge conti-ol layer is 
increased, thereby reducing tiie overall speed of these APD devices. 



in a beryllium or zinc charge conti-ol layer are overcome by utilizing carbon doping. 
This solution results in an ulti^-fliin charge control layer while increasing the speed 
of ttie photodetector. Since carbon has a very small diffusion coefficient, a precise 
doping control can be achieved to realize a charge sheet within an ulti-a-tiiin layer of 
100 angstroms or less. 

[0007] The present invention includes an epitaxial structure grown on a semi- 
insulating InP subsh-ate. First, a buffer layer is grown to Isolate defects originated 
from substrates. Then an n-type layer is grown to serve as n-contact layer to collect 
electrons. Next, a multiplication layer is grown to provide avalanche gain for the 
APD device. Following ttiat, an ulhra-thin charge conti-ol layer is grown with carbon 
doping. An absorption layer is grown to serve as the region for creating electron- 



[0006] 



By way of comparison, in ttie present invention the limitations manifest 
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CLAIMS 

1 . An avalanche photodiode comprsing: 

an absorption layer disposed on a substrate layer, 
a multiplication layer disposed on the substrate layer; and 
a carbon-doped charge control layer disposed between the absorption 
layer and the multiplication layer. 

2. The avalanche photodiode of claim 1 wherein the absorption layer is 
disposed between a first digital graded layer and a second digital graded layer. 

3. The avalanche photodiode of claim 1 further comprising an n-type 
contact layer disposed between the multiplication layer and the substrate. 

4. The avalanche photodiode of claim 1 further comprising a p-type 
contact layer. 

5. The avalanche photodiode of claim 1 further comprising a buffer layer 
disposed between the n-type contact layer and the substrate. 

6. The avalanche photodiode of claim 1 wherein the absorption layer is 
InGaAs. 

7. The avalanche photodiode of claim 1 wherein the multiplication layer is 
InAIAs. 

8. The avalanche photodiode of claim 1 wherein the carbon-doped 
charge control layer is carijon-doped InAIAs. 

9. The avalanche photodiode of daim 1 wherein the carbon-doped 
charge control layer is between 2 and 100 angstroms in thickness. 



7 




wo 03/06541 7 PCTAJS03/03203 

10. The avalanche photodiode of claim 1 wherein the carbon-doped 
charge control layer is between 5 and 50 angstroms in thickness. 

11. The avalanche photodiode of claim 1 wherein the carbon-doped 
charge control layer is between 5 and 35 angstroms in thickness. 

12. The avalanche photodiode of claim 2 wherein the first digital graded 
layer is InAIGaAs. and further wherein the second digital graded layer is InAIGaAs. 

13. The avalanche photodiode of claim 3 wherein the n-type contact layer 
is one of InP or InAIA. 

14. The avalanche photodiode of claim 4 wherein the p-type contact layer 
is one of InP or InAIAs. 

15. A method of fabricating an avalanche photodiode comprising the steps 

of: 

providing a substrate layer; 

depositing a multiplication layer; 

depositing a carbon-doped charge control layer; and 

depositing an absorption layer. 

16. The method of claim 15 further comprising the step of depositing an n- 
type layer to collect electrons. 

17. The method of claim 15 further comprising the step of depositing a p- 
type layer to collect holes. 

18. The method of claim 15 further comprising the step of depositing a 
digital grading layer to prevent carrier trapping between bandgap offsets. 
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19. The method of claim 15 further comprising the step of doping an 
InAIAs material with carbon. 
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(57) Abstract: llie present invention includes an epitaxial structure (16) grown on a semi-insulating InP substrate (12). First, a 
buffer layer (14) is grown to isolate defects originated from substrates (12). Then an n-typc layer ( 18) is grown to serve as n-contacl 
layer to collect electrons. Next, a multiplication layer (20) is grown to provide avalanche gain for the APD device (10). Following 
thai, an ultra-thin charge control layer (22) is grown with carbon doping. An absorption layer (24) is grown to serve as the region for 
creating electronhole pairs due to a photo-excitation. Finally, a p-type layer (28) is grown to serve as p-contact layer to collect holes. 
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